Calcium channel blockers (CCBs) toxicity is one of the most lethal drug overdoses encountered in the emergency department (ED). Nondihydropyridines (Verapamil and Diltiazem) are more lethal in overdose compared to dihydropyridines. The toxicity of these drugs is an extension of their therapeutic effect resulting from blockade of Ltype calcium channels in smooth muscle cells, myocardial cells, and beta cells of the pancreas. Significant overdoses can present with bradycardia, hypotension, cardiac arrest, hyperglycemia, metabolic acidosis and shock that can result in death. There have been many reported cases of Diltiazem toxicity treated with what would be considered standard approaches to treatment. However, very little has been reported on massive overdoses with Diltiazem and successful management of such cases. Here, we report on a young patient who self reportedly overdosed on two bottles of Diltiazem (approximately 60 pills). Initially, she was asymptomatic but shortly after her presentation, she became hemodynamically unstable. In this case report we discuss how we successfully managed the patient and give recommendations for management of such massive lethal overdoses.
Introduction
Drug poisoning is the leading cause of injury-related deaths in the United States. According to Centers of Disease Control and Prevention, during 2008 to 2011, over one million emergency department (ED) visits was made each year owing to drug poisoning. National Institute on Drug Abuse estimates that about 27% of drug toxicity involves nonmedical use of pharmaceuticals. The American Association of Poison Control Centers reported 4921 cases of CCBs toxicity in 2013; therefore, understanding the emergent management of such toxicity is essential [1] . The majority of overdose occurs in adolescents during suicide attempts.
CCBs are widely prescribed for the management of hypertension, arrhythmias, angina pectoris and prevention of cerebral vasospasm. They are divided into two major categories: dihydropyridines (Amlodipine, Nifedipine, Nicardipine, Nimpdipine, etc) which preferentially block the L-type calcium channel in vascular smooth muscle and the nondihydropyridine (Verapamil and Diltiazem) which are selective for the L-type calcium channel in the myocardium. These calcium channels play an important role in contractility of myocardium and vascular smooth muscle, conduction pathway, and regulation of pacemaker cells. The dihydropyridines are potent vasodilators but have minimal effect on myocardium contractility and conduction pathway. On the other hand, nondihydropyridines have a greater effect on myocardium contractility and conduction pathway but minimal effect on vasodilatation. It should be noted that at higher doses, the selectivity is usually lost and patients with overdose of both classes of CCBs can present with hypotension, bradycardia, bradydysrhythmia, hyperglycemia, pulmonary edema and cardiac arrest. The presentation is also affected by whether the CCBs are immediate-release or extended-release. In general, immediate-release preparations presumably have a quicker onset than extended-release preparation. Overdose of immediate-release CCBs cause rapid hypotension, bradydysrhythmia, and cardiac arrest; on the other hand, extend-release CCBs overdose may present with delayed onset of bradydysrhythmia, shock, sudden cardiac collapse, and bowel ischemia [2] . Therefore, even for the patients who present completely asymptomatic require careful observation and monitoring in the ED. In this case report, we report on a young female who presented to our ED with a massive overdose of Diltiazem. She was initially asymptomatic but developed hypotension and bradyardia preceding profound circulatory shock. In the discussions, we give our recommendations for successfully managing such cases.
Case Report
A 25-year-old female with no prior significant medical history presented to the ED after intentionally overdosing on an unknown amount of Ibuprofen, Diltiazem, Amlodipine, Levothyroxine, and Guaifenesin approximately 1.5 to 2 hours prior to initial set of vital signs in the ED (at 14:55). According to her family, she had ingested two bottles of Diltiazem 240 mg (30 capsules in each bottle) in a suicide attempt. In the ED, she had no apparent signs or symptoms of drug toxicity and was fully conscious. She denied any cardiac, respiratory, gastrointestinal, or neurological symptoms. Her initial set of vital signs (at 14:55) were blood pressure of 114/78 mmHg, heart rate of 86 beats per minute, respiratory rate of 14 breaths per minute, temperature of 98.4° Fahrenheit and arterial oxygen saturation of 98% on room air. Although she appeared to be in mild distress, she was completely awake, alert, oriented and the rest of her physical examination was unremarkable. Several diagnostic tests including urine drug toxicology, acetaminophen level, blood alcohol level, salicylate level, serum electrolytes, and liver function tests were performed and were found to be within normal range. Her initial serum electrolytes panel showed a potassium of 4.1, bicarbonate of 22, creatinine of 0.81, and glucose of 89. Her electrocardiogram (at 14:58) showed normal sinus rhythm with a rate of 86 beats per minute.
While in the ED, the patient's blood pressure started to deteriorate with a systolic blood pressure dropping to low 80s with heart rate was in mid-90s (Table 1 and Figure 1 ). Therefore, she was started on intravenous fluid and was administered a 10 ml 10% Calcium Gluconate intravenous push (at 17:03) followed by an intravenous administration of 10 ml Calcium Chloride (at 17:45) over 15 minutes. A finger stick blood glucose measurement revealed hyperglycaemia (blood glucose level of 277). Therefore, an insulin drip was started with 10% dextrose in water and the patient's blood glucose was monitored closely every 15 minutes. A central line was placed and she was transferred to the intensive care unit (ICU).
In the ICU, the patient was continued on intravenous calcium, insulin, and dextrose and her blood pressure gradually improved to 112/57 (at 18:19). However, four hours later, her blood pressure again dropped to 98/33 (at 22:30). She became bradycardic with a heart rate of 60 and her systolic blood pressure continued to drop to 80s despite fluid administration. Therefore, she was started on norepinephrine drip. She then started complaining of abdominal pain and severe nausea. A repeat serum electrolyte panel showed a potassium of 3.2, creatinine of 0.8, phosphate of 2.4, and bicarbonate of 18 with an anion gap of 13, indicating anion-gap metabolic acidosis. Her blood glucose level dropped to 121 and therefore the 10% dextrose in water was changed to 50% dextrose in water at a rate of 50 ml per hour. Her arterial blood gases on room air were pH of 7.17, pCO 2 of 25 mmHg, pO 2 of 118 mmHg, and HCO 3 of 18 mEq/L. A repeat electrocardiogram (at 19:48) showed a junctional rhythm which progressed to an accelerated junctional rhythm with retrograde conduction within the next 2 hours. An intravenous bolus of 80 ml 20% lipid emulsion solution was administered, followed by a 500 ml infusion of the same solution maintained for 40 minutes. Her blood pressure remained consistently low and was therefore started on dopamine. The patient had also developed a low urine output, and thus 3 liters bolus of normal saline and 1 liter bolus of crystalloid solution were administered.
The next morning (at 3:00), the repeat arterial blood gas showed a pH of 7.09, PCO 2 of 22 mmHg, PO2 of 117 mmHg, and HCO 3 of 6 mEq/L, indicative of worsening metabolic acidosis. Another repeat serum electrolyte panel showed potassium of 4.3, creatinine of 1.53, bicarbonate of 6 with anion gap of 18, and glucose level of 473. Therefore, the 50% dextrose was decreased to a rate of 10 ml per hour. The patient had no changes in mental status, but complained of increased abdominal pain, nausea, and bloating. Despite the maximum dose of Norepinephrine and Dopamine, her blood pressure still remained low. Subsequently Vasopressin and Epinephrine were added. She was given 2 amps of Sodium Bicarbonate and 100 mg intravenous Hydrocortisone. Her morning labs including serum electrolyte panel and complete blood cells count showed potassium of 2.8, creatinine of 1.68, bicarbonate of 7 with anion gap of 19, phosphorus of 1.2, glucose of 603, and white blood cells count of 30 x 10 3 microliter with 79% segs and 15% bands. Therefore, she was administered 2 doses of 40 mEq potassium chloride and 1 dose of 30 mmol of potassium phosphate. She was also administered Methylene Blue and Polyethylene Glycol at a rate of 2 Liters per hour via a nasogastric tube. Additionally, she was switched to 5% dextrose in water, started on Sodium Bicarbonate at a rate of 100 ml/hour, and started on a calcium drip. Later during the day, the patient started complaining of dyspnea and her arterial blood gas showed a pH of 7.02, PCO 2 of 21 mmHg, PO 2 of 77 mmHg, HCO 3 of 5.4 mEq/L, and oxygen saturation of 86.1%; therefore, she was subsequently intubated. Throughout the day, her glucose slowly trended down to 200's and her anion-gap slowly closed. Her kidney function also improved with an increased urine output. Her Epinephrine drip was discontinued (at 22:00) since her blood pressure gradually improved. She remained on Norepinephrine, Dopamine, and Vasopressin. On day 2, her metabolic acidosis resolved completely, creatinine level returned to her baseline, and her blood glucose level was in 100s. On day 3, she developed hyponatremia (sodium of 129) and her chest x-ray showed evidence of bilateral pleural effusion; and therefore, she was managed with Sodium Phosphate and Furosemide, respectively. Her Norepinephrine was titrated down since her blood pressure made significant improvement. On the 4th day, her remaining Vasopressin and Dopamine were discontinued. The next day she remained stable and was transferred to the psychiatry unit.
Discussion
Intentional ingestion of CCBs can lead to significant morbidity and mortality. Therefore, the early development of signs and symptoms must be recognized and treated rapidly. Patients may present initially asymptomatic but can rapidly deteriorate. Therefore, a careful history and periodic physical examination to check for hypotension, bradycardia, pulmonary crackles, signs of heart failure and neurological symptoms should be part of the routine management. The following diagnostic tests must be obtained promptly: electrocardiogram to look for PR interval prolongation and bradydysrhythmias, finger-stick glucose monitoring to look for evidence of hyperglycemia, serum toxicology to look for co-ingestion of acetaminophen, serum electrolytes to monitor potassium, calcium and bicarbonate levels, arterial blood gas to monitor acid-base status, and chest radiograph to look for signs of pulmonary edema [3, 4] .
Once airway and breathing have been established and secured, intravenous (IV) fluid should be administered for hypotension and atropine should be added if the patient is bradycardic. Atropine should be administered at a dose of 0.5 to 1 mg every two to three minutes with a maximum dose of 3 mg. If the patient shows signs of altered mental status, intubation and mechanical ventilation may be required. In general, treatment approach should be guided by signs and symptoms.
It is recommended that asymptomatic patients be monitored for about 6 to 36 hours depending on the type of preparation that was ingested. Those who ingested immediate-release CCB should be monitored for 6 hours; while, those who ingested standard-release and extended-release CCBs should be monitored for 6-12 and 24-36 hours, respectively [5] . Those with mild hypotension should be initially given IV fluid and then evaluated for 15 minutes for the response. If additional therapy is needed to increase the blood pressure, following should be sequentially added until an adequate response is maintained: IV calcium salts (30 to 60 mL of 10% calcium gluconate solution or 10 to 20 mL of 10% calcium chloride solution), IV glucagon (5-10 mg), IV high-dose insulin (bolus of 1 unit/kg of regular insulin followed by an infusion of 0.5-2.0 units/kg/hr ) and glucose, IV vasopressor (2 mcg/min of norepinephrine), IV lipid emulsion therapy (1-1.5 ml/kg of 20% solution) [6] [7] [8] . Severely symptomatic patients should be administered all of the following: IV fluid boluses, IV calcium salts, IV glucagon, IV high-dose insulin and glucose, IV vasopressor, IV lipid emulsion therapy [6] [7] [8] . In addition to these, gastrointestinal decontamination with orogastric lavage or activated charcoal may be administered within 1-2 hours of ingestion. In cases of massive overdose or if there is a strong suspicion of ingestion of the extendedrelease preparation, whole bowel irrigation with administration of polyethylene glycol/electrolyte lavage solution may be indicated [9] .
High-dose insulin may be used to manage hyperglycemia that occurs due to inhibition of insulin release by the calcium channel blockade. A retrospective study involving 40 patients with nondihydropyridine overdose found that the degree of hyperglycemia correlates directly with severity of toxicity [4] . A close monitoring of glucose and potassium is recommended for patients receiving highdose insulin therapy. Several studies have linked the high-dose insulin therapy to improved hemodynamic parameters and lower mortality due to its positive inotropic effect in patients with CCB toxicity [6, 10, 11] . Studies have associated the use of lipid emulsion therapy with improved hemodynamic parameters and survival in animal models of verapamil poisoning. One of the studies measured the serum verapamil concentration before and after intralipid therapy during the management of an overdose and found a decrease in verapamil concentration once the lipid had been removed from the sample, providing evidence for the benefits of this therapy [12] .
In summary we will highlight the appropriate steps in an easy to read fashion with the following:
Airway, Breathing, Circulation Administer activated charcoal and gastric lavage Methylene blue and whole bowel irrigation with administration of polyethylene glycol High dose insulin therapy
Intralipid therapy
In our case we used a similar approach as mentioned above. Although Diltiazem levels were not obtained in our patient, the patient had signs and symptoms of toxicity that was consistent with a significant toxicity and the levels would not have impacted her management. In addition the aforementioned co-ingestants did not appear to contribute to her presentation and did not require any particular management, although her levothyroxine may have contributed to her delayed onset of action due to its potent sympathomimetic activity, which needed to be overcome by the CCBs. We managed our patient with IV fluids, IV calcium salts, IV high-dose insulin therapy, IV vasopressors, IV lipid emulsion therapy, and whole bowel irrigation with administration of polyethylene glycol. We used 4 different vasopressors to manage the blood pressure in our patient since despite the maximum dose of Norepinephrine and Dopamine; the blood pressure was still low. Therefore, we added Vasopressin and Epinephrine. In addition to the above-mentioned therapies, we also administered Methylene Blue in our patient. The use of Methylene Blue has been shown to be successful for refractory shock due to its ability to scavenge nitric oxide and inhibit nitric oxide synthase [13] . The earlier considerations in the management of our patients could have included activated charcoal and gastric lavage. The impact this would have had on her clinical outcome is not clear [14, 15] . Although there have been many reported cases of Diltiazem toxicity, we believe that our case is unique in that our patient presented asymptomatic, rapidly deteriorated and was successfully managed despite profound circulatory shock. There is no general consensus on the optimal treatment of patients with significant CCB toxicity. Therefore, our successful management strategy should serve as a good learning experience as well as a recommendation for managing such patients.
